ABSTRACT
Introduction
Point-of-care ultrasound is a recent concept where small portable ultrasound (US) machines are used to answer specific, focused clinical questions at the patient's bedside. Such focused concept of US examination can be performed by non-radiologist physicians and serves as an extension of physical examination and clinical acumen. The concept of lung-sliding was first introduced by Lichtenstein in the 1980´s. The lung has been neglected for decades by sonographers because of ultrasonographic impenetrance through aerated lung tissue. During many years of research, Lichtenstein et al. have proven that lung can be imaged and its images interpreted -but the images mostly consist of predictable artifacts. Lichtenstein has shown that a healthy lung and various lung pathologies each have their specific sonographic pattern of either »true« images or sonographic artifacts. (1) One of the basic premises of sonographic lung imaging is the concept of lung sliding. It represents a layer of visceral pleura sliding on parietal pleura lubricated by a small amount of pleural fluid (total <50 ml in healthy subjects). During breathing (spontaneous or mechanic), lung expansion creates a sliding movement between layers of pleura. US cannot identify a specific pleural layer. Lung sliding can be seen all over the lung surface where visceral pleura is directly adherent to the chest wall. (2) Clear identification of lung sliding excludes pneumothorax at that specific local point. (3) In our study, we tested how fast students learn to detect lung sliding. The study is based on the following statement from the International evidence-based recommendations of point-of-care lung ultrasound: "Ultrasound scanning for pneumothorax may be a basic ultrasound technique with a steep learning curve (level C)". (4) 
Materials and methods

Statement of human rights
To an inquiry sent by the authors, the National Medical Ethics Committee of the Republic of Slovenia replied that the present study did not require ethics approval. Informed, written consent from each participant (medical student taking part in the study) was obtained. Study design This small pilot study was conducted as part of an elective emergency medicine module, dedicated to emergency ultrasound. For the majority of the students, this four-hour module was the first systematic exposure to US and certainly the first exposure to lung ultrasound (LUS). Fourth year pre-graduate students received a 20-minute lecture on the basics of LUS and the identification of lung sliding given by a certified WINFOCUS (World Interactive Network Focused On Critical Ultrasound) instructor and lung US provider. This lecture contained basic US semiotics, probe position, image acquisition, structure identification and lung sliding identification. Tips and pitfalls were also given and students could ask questions at the end of the lecture. Immediately after the lecture, the students individually went into an isolated room to assess the presence of lung sliding in a healthy volunteer. Only the chest of a female volunteer was exposed. One by one, students entered the room and were asked to position the probe as appropriate for pneumothorax identification (4 positions on anterior chest, bilaterally), as previously presented in the lecture. Students were then asked to recognize the anatomic structures of the thorax (figure 1). Subsequently, one of the authors positioned the probe in the right fifth intercostal space in the midaxillary line of the volunteer in a supine position. Thoracic US was performed using a microconvex C60x 2-5 MHz probe (Sonosite M Turbo ultrasound machine, Bothell, WA, USA). In the supine position, the authors could not find any artifacts which could help identify lung sliding (B lines, ring of pearls, lung pulse). Students were required to look at the screen perpendicular to the model (away from the model), so they could not take any clues from visual assessment of chest movements. The volunteer was asked to hold her breath or breathe spontaneously according to a computer generated random list. Every student had six attempts at lung sliding identification, with the probe in the same position. After each attempt, the student was asked to decide if lung sliding was present. The student replied with "lung sliding is present" or "lung sliding is not present". Maximum time to provide an answer in each attempt Figure 1 . Anatomic structures of the thorax, which had to be recognized by the students after the lecture.
was limited to 10 seconds. The validity of a student's answer was compared to the computer generated random list instructing the volunteer when to hold her breath or breathe spontaneously. We also measured the time needed to reach each decision and asked the students how confident they were about their decision ("confident" or "not confident"). SPSS 19.0 package (SPSS Inc, Chicago, IL) was used for the statistical analysis. We used independent t-test, Ȥ 2 -test and the receiver operating characteristic (ROC) curve analysis. In the latter, we regarded the sixth attempt to correctly diagnose lung sliding (yes/no) as the dependent variable. As the independent variables, we used the number of correctly diagnosed cases by each individual student. We also calculated the sensibility and specificity of the test. We regarded p < 0.05 as statistically significant.
Results
There were 38 (66.7%) females in the sample. Fifty students (87.7%) successfully positioned the probe (all 4 positions) for pneumothorax identification. Fifty-two students (91.2%) correctly recognized the anatomic structures of the thorax. The mean number of correctly identified cases of lung sliding per student was 5.1 ± 1.1. The mean time it took to answer all cases was 3.1 ± 1.9 seconds. The mean time it took to correctly answer all cases was 2.9 ± 1.8 seconds. The mean time it took to incorrectly answer cases was 4.1 ± 2.2 seconds. The difference was statistically significant (t=3.503, p < 0.001). In 298 (87.1%) cases, students were confident in the correct answer.
In 292 (85.4%) cases, the answer was correct (table 1) . Students who were confident in their answer gave the right answer significantly more often when compared to others (90.3% vs. 52.3%, Ȥ 2 =44.324, p < 0.001). Sensitivity of this method (check the section Study design for details) for 4 th year medical students was 82.6% and its specificity was 87.9% (table 2) . For correct identification of lung sliding in the sixth attempt, students on average needed 4.5 correct attempts (figure 2).
Discussion
Our study was focused on recognition of structures of thoracic wall and lung sliding. We found that the above described method of introducing lung ultrasound to 4 th year medical students without previous experience in lung ultrasonography, is suitable and easy to comprehend, with high sensitivity and specificity. Medical students were confident about identifying lung sliding after a few attempts. More precisely, our data show that after 4.5 right answers, the student is skilled enough to identify lung sliding. These findings are similar to Lyon et al., who showed that pre-hospital critical care providers can quickly acquire and retain skills necessary to detect lung sliding by the use of ultrasound. (5) Pneumothorax (PTx) is a potentially deadly disease ranging from small PTx that might not require any treatment, to rapidly fatal obstructive shock of tension PTx. Diagnosis of PTx is clinical and based on auscultation and percussion, especially of tension PTx. (6) Specificity and sensitivity of chest X ray imaging of PTx is poor, shown by many studies. (7, 8) Ultrasound signs of PTx are primarily based on the fact that free air will accumulate in the nondependent areas of the thoracic cavity. In a supine patient, a PTx will be found anteriorly at the highest point of the thoracic cavity. (9) The other principle is that during normal spontaneous breathing or mechanical ventilation the visceral pleura move against the parietal pleura. This movement can be detected by ultrasound and is defined as lung sliding. The presence of lung sliding excludes a PTx. respiratory failure anterior lung sliding is checked first. (10) Its presence excludes PTx. On the other hand, absent lung sliding associated with A lines (horizontal repetition of the pleura line recurring at regular intervals -reverberation artifacts from pleura) suggests PTx and in that case immediate exclusion of PTx is mandatory. Lung sliding can be also shown by using M-mode Doppler. A normal image is called the ''seashore sign'', with the thoracic wall, represented as horizontal lines, and the adherent, ventilated lung generating a sandy pattern on M-mode. When a PTx is present, the M-mode Doppler will show only repeating horizontal linear lines, identified as "stratosphere sign" by Lichtenstein. (10) Although the presence of lung sliding is sufficient to rule out PTx, the absence of lung sliding may be seen in other conditions such as apnea, a main stem intubation, severe bullous chronic obstructive pulmonary disease, pleurodesis, pulmonary fibrosis, consolidated pneumonia, atelectasis, acute respiratory distress syndrome (ARDS), etc. Thus the absence of lung sliding, especially defined in only one intercostal space, is not by itself diagnostic of a PTx. The clinician should examine several more intercostal spaces, moving the transducer more inferiorly and lateral searching for the lung point, (6, 11) Our study has several limitations. Firstly, the study group was small. The study group was selected only from 4 th year medical students. The results would probably be better with 5 th or 6 th year medical students or attending doctors, who have more clinical experience and confidence. Secondly, the number of attempts was small. With more attempts the students would be more confident and the percentage of right answers would probably be higher. Thirdly, students did not place the probe on the volunteer by themselves. It was already placed on the thorax by one of the authors.
Conclusion
Our study suggests that 4 th year medical students with no prior experience in lung ultrasonography can acquire skills to detect thoracic wall structures and identify lung sliding with a high degree of sensitivity and specificity. 
